The analysis of mutants that exhibit changes in the expression of a particular gene holds promise for increasing our understanding of the molecular events involved in eukaryotic gene expression. This paper describes such an analysis of a Drosophila strain that has variant cuticle proteins. In wild-type Drosophila melanogaster, five major cuticle proteins are synthesized and secreted by the epidermal cells of third instar larvae (1). Genes for four of the five major proteins are clustered within a small [7. 9-kilobase (kb)] segment of the Drosophila genome located at region 44D on chromosome 2 (2, 3) . Naturally occurring variants have been found for three of the four cuticle protein genes (1). The four genes in the cluster are related in sequence; although there is a homologous pseudogene in this cluster, no other closely related genes exist in the Drosophila genome (2, 3) . The region encoding these genes has been cloned; its sequence has been almost entirely determined (2, 3) and matched with the sequence of amino terminal residues of all four proteins (3) . We can now apply this information to comparative studies ofgenetic variants to investigate factors that regulate expression of the third instar cuticle protein genes.
The D. melanogaster cuticle protein variant, called 2/3 (1), studied here synthesizes only three of the five major wild-type proteins and one electrophoretic variant protein (fast 2, CPf2).
A molecular characterization of cuticle genes in this variant is reported below, including the finding of an insertion of a transposable element in the T-A-T-A box region of an unexpressed cuticle gene.
MATERIALS AND METHODS
Clones and Fly Stocks. A clones and pBR322 subclones containing 44D Canton S Drosophila cuticle genes have been described (2, 3) . The 2/3 variant (1) was recovered from a natural population of D. melanogaster in Australia in 1977. For some experiments, chromosomes 1 and 3 of the 2/3 stock were replaced with chromosomes from an Oregon R strain.
Construction and Screening of 2/3 Libraries. One recombinant library was constructed by ligating EcoRI-restricted genomic 2/3 DNA into the EcoRI site of pBR322 (4) . From 50,000 colonies screened (5) with 32P-labeled probes to pCPII-7 and pCPIII-9 (2), a positive one, pDm2/3-1, was obtained (see Fig.  2 ). Another library of 2/3 DNA was constructed by using the A vector AL47 (6); 30,000 plaques were screened (2) with 32p-labeled probes to pCPII-7, pCPIII-9, and pCPIV-8, and five positive phage were isolated (see Fig. 2 ).
Other Techniques. General nucleic acid procedures were as described (2) (3) (4) 7) . Total cuticle proteins from late third instar larvae were analyzed on two-dimensional O'Farrell gels as described (2). CPf2 was purified by the procedure described for CP3 (3), and its sequence was determined as described (8) .
RESULTS
The 2/3 Drosophila Strain Has Two Genetic Differences Affecting Cuticle Protein Synthesis. In most D. melanogaster strains, five major cuticle proteins are extracted from cuticles of late third instar larvae (1). The two-dimensional electrophoretic pattern of these five proteins is shown in Fig. 1 3 and 4) or EcoRI (lanes 1 and 2) , and gel blots were prepared and probed with 32P-labeled pCPll-7 (a) and pCPIII-9 (b). The sizes in kb of hybridizing bands are indicated. Note that the EcoRIdigested material probed with pCPIII-9 shows faint hybridization to a 12.4-kb band; this is due to cross-hybridization with gene IV.
gion; the two other changes lead to a substitution ofleucine for serine (position 18) and of serine for arginine (position 108) in the amino acid sequence of CP2 (Fig. 5c) .
The Insertion Is in the T-A-T-A-Box Region of Gene III. We have determined the DNA sequence at the junctions of the insertion element with the wild-type DNA. Novel DNA sequences begin (Fig. 5b) (Fig. 5) . The termini of the 266-bp repeats contain short imperfect inverted repeats of 7 bp that begin with the sequence A-G-T at the left end (Fig. 5) . As discussed above, a 4-bp sequence, T-A-T-A, flanking the insertion is duplicated. Only the three differences between wild-type and 2/3 DNA are indicated. The remainder of the DNA sequence, which extends to the Xho I site (Fig. 5a ), is identical in 2/3 and Canton S DNAs (3). From amino acid sequence analyses, the first 55 amino acid residues of CPf2 were identical to those predicted from the DNA sequence. Codons are numbered, with codon 1 the amino-terminal residue of the mature protein. (28) this latter respect, the similarity between Oregon R and the 2/ 3 DNA used is partly due to the fact that chromosomes 1 and 3 of the 2/3 strain had been replaced with Oregon R chromosomes. Some relevant data are shown in Fig. 6 .
DISCUSSION
The data show that two types of mutations affect cuticle protein synthesis in the D. melanogaster 2/3 strain. Two amino acid substitutions in gene II are evidently responsible for the altered electrophoretic mobility ofCPf2 as compared with that of CP2. The substitution ofa serine for an arginine is consistent with the observed pI shift of CPf2 from CP2. However, the increase of 10% in NaDodSO4 gel electrophoretic mobility ofCPf2 relative to that of CP2 is unexpected because our DNA sequence data predict that the two proteins have the same number of amino acids. Since no modification (other than signal peptide processing) is known for these proteins (3), the amino acid substitutions found in CPf2 may cause the mobility differences. The in vitro translation products ofCPf2 also migrate faster than the in vitro translation products of CP2 on NaDodSO4 gels (2, 3) . Proteins of similar size that differ only in charge can display apparent molecular mass differences on NaDodSO4 gels (10) . A less likely cause of increased migration could be an undetected modification. Such a modification must lie in the carboxyl-terminal halfofthe protein, as the sequence ofthe aminoterminal half of the protein has been determined and no modified residues were found. Beagle has a structure and properties similar to these transposable elements: (i) direct repeats at. both ends, (ii) short inverted repeats at the direct repeat termini, (iii) restriction fragment length polymorphism around the insertions of family members in two Drosophila strains, (iv) a small duplication of target DNA sequence, and (v) a moderate degree of repetition in the genome with considerable conservation of internal sequences. Spontaneous mutations caused by transposable element insertions have been.noted in the Drosophila white (14) (15) (16) and bithorax loci (17) as well as in yeast loci (18) (19) (20) (21) .
Recently, an additional example of a transposable element, 297, inserted into a T-A-T-A-T-A sequence has been reported, in this case for a Drosophila histone gene (22, 23) . Since H.. M. S. Beagle belongs to a different family of copia-like elements -than 297, as judged by restriction mapping and sequence analysis, the occurrence oftwo such events suggests that insertion ofsuch elements into the T-A-T-A-T-A sequence may be a general phenomenon and may have important biological effects in abolishing or altering the manner in which genes are regulated.
Thus far, more than 2,000 chromosomes have been examined from wild populations for variants of cuticle proteins (ref. 1; unpublished data). Other than rare variants with no or reduced levels of CP3, none has been found lacking other major third instar cuticle proteins. Structural variants of CP2 have been recovered only in association with elimination ofCP3 (this study and another presumed independent one in a stock from Taiwan; C. Chihara, personal communication). The reasons for the toleration of the. absence in CP3, but not in other major cuticle proteins, remain obscure. We speculate that' the kinds of structural changes noted in fast 2 may have selective advantage in association with a CP3 deficiency.
